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[57] ABSTRACT 
A non-woven fabric having a strength which is compa 
rable to the strength of woven fabric and a method of 
making such non-woven fabric are disclosed. The non 
woven fabric has a laminated structure composed of a 
warp web of random-laid non-woven fabric stretched 
lengthwise and hence having a greater strength in the 
lengthwise direction than in the transverse direction, 
and a weft web of random-laid non-woven fabric 
stretched transversely and hence having a greater 
strength in the transverse direction than in the length= 
wise direction. Filaments constituting each of the warp 
and weft webs are substantially free from molecular 
orientation and extendible at least two times the original 
length before the web is stretched. Upon stretching of 
the web, the tin-oriented ?laments are substantially 
stretched to thereby cause molecular orientation 
therein. 

18 Claims, 4 Drawing Sheets 
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METHOD OF MAKING CROSS-LAMINATED 
STRETCHED NON-WOVEN FABRIC 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a cross-laminated‘ 

non-woven fabric composed of a warp web and a weft 
web laminated crosswise together and having a strength 
in both of the lengthwise direction and the transverse 
direction. It also relates to a method of making such 
cross-laminated non-woven fabric. . 

Throughout the speci?cation and claims, the term 
“warp web” is used to refer to a web formed of ?bers 
arranged to extend substantially in the lengthwise direc 
tion of the web and hence having a larger strength in 
the lengthwise direction than in the transverse direc 
tion. Likewise, the term “weft web” is used to refer to 
a web formed of ?bers arranged to extend substantially 
in the transverse direction of the web and hence having 
a larger strength in the transverse direction than in the 
lengthwise direction. Further, the term “cross 
laminated non-woven fabric” is used to refer to a non 
woven fabric having a laminated structure composed of 
the aforesaid warp and weft webs united together into 
layers with ?bers in the warp web extending crosswise 
with ?bers in the weft web. 

2. Description of the Prior Art . 
Conventional random-laid non-woven fabrics are 

excellent in bulkiness and texture but they have only a 
limited strength which is not comparable to the strength 
of woven fabrics. The non-woven fabrics also have 
excellent water permeability and ?ltering characteris 
tics. With such excellent water permeability and ?lter 
ing characteristics, the non-woven fabrics have recently 
found their new application to “geo-textiles” (?ber 
materials for the civil engineering and construction). 
Such new application is however substantially limited 
due to the limited strength of the conventional random 
laid non-woven fabrics. With this dif?culty in view, the 
present inventors have proposed various attempts to 
increase the strength of the conventional non-woven 
fabrics. According to one such attempt, there is pro 
vided a non-woven fabric having a laminated structure 
composed of a warp web of parallel-laid non-woven 
fabric and a weft web of parallel-laid non-woven fabric 
united with the warp web in such a manner that ?bers in 
the warp web extend crosswise with the fibers in the 
weft web. The thus laminated non-woven fabric has an 
increased strength but this strength is still lower than 
the strength which is necessary for application to the 
geo-textile for the civil engineering and construction. 

SUMMARY OF THE INVENTION 

With the foregoing dif?culties in view, it is accord 
ingly an object of the present invention to provide a 
cross-laminated non-woven fabric which has a strength 
comparable to the strength of woven fabric and hence 
can be used as a geo-textile, i.e. ?ber material for the 
civil engineering and construction. 
Another object of the present invention is to provide 

a method of making such cross-laminated stretched 
non-woven fabric at an increased rate of production. 
According to a ?rst aspect of the present invention, 

there is provided a cross-laminated non-woven fabric 
comprising: 

(a) a ?rst web of stretched non-woven fabric formed 
of multiplicity of substantially stretched ?laments held 
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2 
together, said stretched ?laments being un-oriented 
?laments before they are stretched, said ?rst web being 
stretched in the lengthwise direction to cause the indi 
vidual un-oriented ?laments to be substantially 
stretched, thereby causing a molecular orientation 
therein; and 

(b) a second web of stretched non-woven fabric 
formed of multiplicity of substantially stretched ?la~ 
ments held together, said stretched ?laments being un 
oriented ?laments before they are stretched, said second 
web being stretched in the lengthwise direction to cause 
the individual un-oriented ?laments to be substantially 
stretched, thereby causing a molecular orientation 
therein, said second web being laminated with said ?rst 
web in such a manner that the respective directions of 
stretch of said ?rst and second webs are crossed perpen 
dicularly to one another. 
According to a second aspect of the present inven 

tion, there is provided a cross-laminated non-woven 
fabric comprising: 

(a) a ?rst web of stretched non-woven fabric formed 
of multiplicity of substantially stretched ?laments held 
together, said stretched ?laments being un-oriented 
?laments before they are stretched, said ?rst web being 
stretched in the lengthwise direction to cause the indi 
vidual un-oriented ?laments to be substantially 
stretched, thereby causing a molecular orientation 
therein; and 

(b) a second web of stretched non-woven fabric 
formed of multiplicity of substantially stretched ?la 
ments held together, said stretched ?laments being un 
oriented ?laments before they are stretched, said second 
web being stretched in the transverse direction to cause 
the individual un-oriented ?laments to be substantially 
stretched, thereby causing a molecular orientation 
therein, said second web being laminated with said ?rst 
web in such a manner that the respective directions of 
stretch of said ?rst and second webs being crossed per~ 
pendicularly to one another. 
According to‘a third aspect of the present invention, 

there is provided a method of making a cross-laminated 
stretched non-woven fabric comprising the steps of: 

(a) forming a ?rst web of random-laid non-woven 
fabric of substantially un-oriented ?laments held to 
gether; 

(b) stretching the ?rst web in the lengthwise direction 
to cause the individual un-oriented ?laments to be sub 
stantially stretched, thereby causing a molecular orien 
tation therein; 

(c) forming a second web of random-laid non-woven 
fabric of substantially tin-oriented ?laments held to 
gether; 

(d) stretching the second web in the lengthwise direc 
tion to cause the individual un-oriented ?laments to be 
substantially stretched, thereby causing a molecular 
orientation therein; 

(e) transversely severing the second web successively 
into second web pieces of individual lengths substan 
tially equal to the width of said ?rst web; 

(f) laminating said second web pieces with said ?rst 
web, with adjacent edges of said second web pieces 
slightly overlapping with each other in such a manner 
that the direction of stretch of the ?rst web andthe 
direction of stretch of the second web pieces are crossed 
perpendicularly to one another. 
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According to a fourth aspect of the present invention, 
there is provided a method of making a cross-laminated 
stretched non-woven fabric comprising the steps of: 

(a) forming a ?rst web of random-laid non-woven 
fabric of substantially un-oriented ?laments held to 
gether; . 

(b) stretching the ?rst web in the lengthwise direction 
to cause the individual un-oriented ?laments to be sub 
stantially stretched, thereby causing a molecular orien 
tation therein; 

(c) forming a second web of random-laid non-woven 
fabric of substantially un-oriented ?laments held to 
gether; 

(d) stretching the second web in the transverse direc 
tion to cause the individual un-oriented ?laments to be 
substantially stretched, thereby causing a molecular 
orientation therein; 

(e) laminating the ?rst and second webs in such a 
manner that the respective directions of stretch of said 
?rst and second webs are crossed perpendicularly to 
one another. 
Throughout the speci?cation and claims, the term 

“un-oriented ?laments” is used to refer to those ?la 
ments which are not drawn, drafted or stretched, which 
are free from molecular orientation, or which are ex 
tendible more than two times its original length when 
stretched at a proper stretching temperature. 
Many other advantages and features of the present 

invention will become manifest to those versed in the 
art ‘upon making reference to the detailed description 
and the accompanying sheets of drawings in which 
preferred structural embodiments incorporating the 
principles of the present invention are shown by way of 
illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view showing the 
manner in which a cross~laminated non-woven fabric is 
produced from two identical continuous longitudinally 
stretched non-woven fabric webs according to the pres 
ent invention; ‘ 
FIG. 2 is a schematic perspective view illustrative of 

the manner in which a longitudinally stretched non 
woven fabric web and a transversely stretched non-: 
woven fabric web are laminated together to form a 
cross-laminated non-woven fabric according to the 
present invention; 
FIG. 3 is a bottom view of a spinning nozzle used for 

forming ?laments arranged or laid transversely of a 
web; . 

FIG. 4 is a schematic vertical cross-sectional view of 
an apparatus incorporating the spinning nozzle shown 
in FIG. 3 for the formation of a non-woven fabric hav 
ing ?laments laid transversely thereof; 
FIG. 5 is a cross-sectional view taken along line 

V—-V of FIG. 4; 
FIG. 6 is a diagrammatical view showing the general 

construction of a proximity longitudinal stretching ap 
paratus; 
FIG. 7 is a diagrammatical view showing the general 

construction of a rolling apparatus for rolling a non 
woven fabric to stretch the same; 
FIG. 8 is a schematic perspective view of an appara 

tus including pulleys for transversely stretching a non 
woven fabric; 
FIG. 9 is a fragmentary cross-sectional view of an 

apparatus including a cooperating pair of grooved rolls 
for transversely stretching a non-woven fabric. 
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DETAILED DESCRIPTION 

FIG. 1 shows a manner in which a cross-laminated 
stretched non-woven fabric is continuously produced 
according to the present invention. The cross-laminated 
stretched non-woven fabric is composed of a continu 
ous warp web 1 of longitudinally (lengthwise) stretched 
non-woven fabric formed of generally longitudinally 
arranged ?laments, and a succession of weft webs 2a. 
2b, 2c of stretched non-woven fabric united with the 
warp web 1 with their adjacent edges overlapped with 
each other. The weft webs 2a-2c are disposed on the 
warp web 1 by severing a continuous web 2 of longitu 
dinally stretched non-woven fabric (identical to the 
warp web 1) successively into individual lengths sub 
stantially equal to the width of the warp web 1 as the 
warp web 2 is fed transversely over the warp web 1 in 
timed relation to the movement of the warp web 1. 
Then the warp web 1 and the weft webs 2 disposed 
thereon are united together by heat=bonding with a 
cementing medium. The cementing medium is retained 
in at least one of the warp and weft ‘webs 1, 2 in the form 
of adhesive ?laments produced either concurrently 
with, or separately from, the extrusion of a main poly 
mer, short staple ?bers, an adhesive powder or bubbles. 
The bonding of the warp and weft webs 1, 2 may be 
carried out by ?rst dipping the webs 1, 2 into a liquid 
adhesive such as an emulsion adhesive, then squeezing 
the webs 1, 2 to remove an excess amount of adhesive, 
and ?nally drying the webs 1, 2 either naturally, or 
forcibly by means of a hot drum, a hot air chamber or an 
infrared oven. The warp and weft webs 1, 2 may be 
united together mechanically by punching with barbed 
needles. 
According to the foregoing cross-laminating process, 

it is possible to produce a cross-laminated stretched 
non-woven fabric at a rate of 40—50 m/min even when 
the non-woven fabric has a width greater than 3 m. A 
further advantage is that the cross-lamination of the 
warp and weft webs 1, 2 enhances the strength of inter 
engagement between the individual ?laments in such a 
manner as to mend or reform a local separation or 
breakage of such interengagement which may occur 
when the webs 1, 2 are longitudinally stretched prior to 
the bonding. The cross-laminated stretched non-woven 
fabric thus produced has a large strength in both of the 
lengthwise direction and the transverse direction. For 
instance, the. tensile strength of the present non-woven 
fabric is more than three times as large as the tensile 
strength of a conventional random-laid non-woven fab 
ric which has the same basis weight as the present non 
woven fabric. Likewise, the present non-woven fabric 
have an impact strength, a tear strength, a punching 
resistance and a seam tear resistance which are about 
?ve times as large as those of the conventional random 
laid non-woven fabric. Furthermore, the Young’s mod 
ulus of the present non-woven fabric is more than ?ve 
times the Young's modulus of the conventional non 
woven fabric, and the elongation of the present non 
woven fabric is substantially smaller than the elongation 
of the conventional non-woven fabric. Accordingly, the 
cross-laminated stretched non-woven fabric of the pres 
ent invention has an excellent dimensional stability. 
FIG. 2 shows another laminating process according 

to the present invention, wherein a continuous warp 
web 1 of longitudinally or lengthwise stretched non 
woven fabric and a continuous weft web 3 of trans 
versely or widthwise stretched non-woven fabric are 
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supplied into a web laminating apparatus in superposed 
relation to one another. The superposed warp and weft 
webs 1, 3 are united together as they travel successively 
around a cooperating pair of nip rolls 4a, 4b, a hot pres 
sure roll 5 and a nip roll 7 which is held against the hot 
pressure roll 5. The warp and weft webs 1, 3 are united 
by bonding with a cementing medium in the same man 
ner as done in the embodiment shown in FIG. 1. In case 
where an emulsion adhesive is used as a cementing 
medium, the nip roll 40 is partly immersed in a bath of 
emulsion adhesive for applying the adhesive to the 
warp and weft webs 1, 3 as they travel around the nip 
roll 4a. The laminated non-woven fabric 7 has substan 
tially the same strength as the laminated non-woven 
fabric of the ?rst embodiment shown in FIG. 1. Since 
the weft web 3, as opposed to the weft webs 20-20 of 
the ?rst embodiment shown in FIG. 1, is continuous and 
devoid of overlapping regions, the non-woven fabric 7 
is structurally uniform throughout the entire area 
thereof. 
The ?laments constituting the warp webs 1, 2 and the 

weft webs 20-20, 3 are composed of substantially un 
oriented ?laments before they are stretched. The un-ori 
ented ?laments are formed by a melt spinning device 
shown in FIGS. 3 through 5. The melt spinning device 
comprises a nozzle plate or spinneret having a central 
spinning nozzle 8 for extruding a spinning melt of poly 
meric material in a downward direction to form a ?la 
ment 9, a plurality (six in the illustrated embodiment) of 
oblique ?rst air holes 143-1 through 10-6 disposed cir 
cumferentially around the spinning nozzle 8 at equal 
angular intervals for forcing air against the ?lament 9 
while being extruded to thereby cause the ?lament 9 to 
move spirally into a downwardly spread conical shape, 
and a pair of diametrically opposite, horizontal second 
air holes 11, 11 disposed one on each side of the spinning 
nozzle 8 and located at a downstream side of the ?rst air 
holes 10-1 - 10-6 for forcing air in opposite directions 
parallel to the direction of movement of a screen mesh 
12 so as'to form two streams of air striking at a position 
directly below the spinning nozzle 8. The two air 
streams thus struck causes the spirally moving ?lament 
9 to spread laterally outwardly in a direction perpendic 
ular to the direction of movement of a web of non 
woven fabric 13 while being formed on the screen mesh 
12. 
The oblique ?rst air holes 10-1 through 10-6 of the 

spinneret extend tangentially to the spinning nozzle 8 as 
shown in FIG. 3 and also extend obliquely at an angle 
with respect to the central axis of the spinning nozzle 8 
as ‘shown in FIG. 4. With this arrangement, air blown 
off from the respective air holes 10-1 ~ 10-6 substantially 
converge at a region spaced downwardly from the 
spinning nozzle 8 by a distance of from several centime 
ters to more than ten centimeters. The streams of air 
thus converged causes the spiral movement of ?lament 
9 stated above. The ?lament 9 deposited on the screen 
mesh 12 is mainly laid or arranged transversely of the 
non-woven fabric 13 while being produced and hence 
the non-woven fabric 13 is particularly suitable for 
being stretched transversely thereof. As an alternative, 
the ?rst air holes 10-1 through 10-6 may be arranged 
linearly in the vicinity of the spinning nozzle 8 on condi 
tion that air blown-off from the air holes 10-1 through 
10-6 strikes the ?lament 9 to thereby cause the same to 
be spread to some extent before the ?lament 9 is widely 
spreaded by the air blown-off from the second air holes 
11. The non-woven fabric 13 produced by the melt 
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6 
spinning apparatus with a single spinneret has a width of 
about 100-300 mm. A non-woven fabric having a width 
more than 300 mm can be produced by a meltspinning 
apparatus having a plurality of transversely arranged 
spinnerets. Furthermore, it is possible to produce a 
dense non-woven fabric at a high speed by utilizing a 
melt spinning apparatus in which a plurality of spinner 
ets are arranged lengthwise of the non-woven fabric. 
The air blown-off from the ?rst air holes 10-1 through 

10-6 and the air blown-off from the second air holes 11 
are heated at a temperature higher than the melting 
temperature of a polymeric material used for the forma 
tion of the ?lament 9. Heating of either one of the air 
supplied from the ?rst air holes 10-1 through 10-6 and 
the air supplied from the second air holes 11 may be 
omitted depending on the kind of the polymeric mate 
rial used. With the use of the hot air, the ?lament 9 
while being formed does not undergo substantial molec 
ular orientation. 
The spinneret described above can be used for the 

formation of a non-woven fabric composed of un-ori 
ented ?laments laid or arranged substantially in the 
lengthwise direction of the fabric. In this instance, the 
spinneret is turned about the central axis of the spinning 
nozzle 8 through an angle of 90 degrees from the posi» 
tion shown in FIG. 3 to a position in which the second 
air holes 11 extend perpendicular to the direction of 
movement of the non-woven fabric while being pro 
duced. The thus formed non-woven fabric is particu 
larly suitable for the longitudinal stretching process. 

Eligible materials for the ?laments of the present 
non-woven fabric include polyole?ne such as high den 
sity polyethylene (HDPE) or polypropylene (PP), poly— 
ester, polyamide, polyvinylchloride, polyacrylonitrile, 
polyvinylalcohol, polyurethane, and other polyers 
which are stretchable and make an increase in strength 
when they are stretched. 
According to an important feature of the present 

invention, the starting material used for the formation of 
a non-woven fabric comprises substantially un-oriented 
?laments. The un-oriented ?laments have the following 
characteristics: 

(a) low yield strength: they can be elongated by a 
small force; 

(b) large elongation (more than several times the 
original length) at a proper stretching temperature; and ' 

(0) high strength at room temperature after stretched ' 
at the proper stretching temperature. 

It has experimentally proved that a non-woven fabric 
formed of the un-oriented ?laments have been stretch 
able by a tension which is lower than or substantially 
equal to the strength of interengagement between the 
individual ?laments. In this instance, the individual 
?laments are stretched to an extent that they are caused 
to be rearranged to lay in a direction substantially paral 
lel to the direction of stretch. With this stretching of the 
individual ?laments, the ratio of longitudinal (length 
wise) strength to transverse (widthwise) strength is 
changed from about 7:3 to a range of from about 5:1 to 
about 10:]. 

In the strict meaning, the un-oriented ?laments may 
not be completely free from molecular orientation. 
Rather, the un-oriented ?laments include those ?la‘ 
ments which can be elongated several times (preferably 
more than two times) the original length. Such highly 
extendible ?laments can be manufactured by the melt 
spinning which is described above with reference to 
FIGS. 3 through 5. 



4,992,124 
As opposed to the non-woven fabric formed by the 

present invention, the conventional random-laid non 
woven fabrics are mere planar assemblies of ?laments 
held together either by mechanical interlocking, or by 
bonding with a cementing medium. Since the strength 
of interengagement between the ?laments is smaller 
than the strength of the individual ?laments, mere 
stretching of such non-woven fabric automatically re 
sults in a breakage of interengagement between the 
?laments before a substantial stretching or rearrange 
ment of the ?laments takes place. Furthermore, the 
conventional stretching processes give no consideration 
on various irregularities which are present in the thick 
ness of the non~=woven fabric, in the degree of interen 
gagement between the ?laments, and in the bondage of 
the ?laments of the non-woven fabric. The non-woven 
fabric having such irregularities is likely to be ruptured 
when subjected to stretching forces due to stress con 
centration in structurally weak areas or portions of the 
non-woven fabric. Thus, a high magni?cation of stretch 
of the non-woven fabric cannot be obtained by the 
conventional stretching processes. 

Furthermore, the conventional non-woven fabrics 
include short staple ?bers or ?laments. In a random-laid 
non-woven fabric made either by a dry process or a wet 
process, short staple ?bers are ?rmly held together 
either by mechanical interlocking, or by bonding with a 
cementing medium. Due to the ?rm engagement of the 
short staple ?bers, a stretching of the non~woven fabric 
is practically impossible. Even when the non-woven 
fabric is stretched, the stretching force is distributed 
unevenly over the whole individual short staple ?bers. 
On the other hand, a non-woven fabric composed of 
?laments is hardly stretchable when the ?laments used 
contain bubbles or a large amount of foreign matter. 
The conventional ?laments are drafted to gain strength 
before they are processed into a non-woven fabric, for 
example when the ?laments are being spun. The 
strength of the ?laments is therefore greater than the 
strength of interengagement between individual ?la 
ments, so that the stretching of the non-woven fabric 
results in a breakage of such interengagement and the 
stretching or rearrangement of the individual ?laments 
does not take place. 
The non-woven fabric formed of un-oriented ?la 

ments 9 substantially laid longitudinally or lengthwise 
of the non-woven fabric is stretched longitudinally ei 
ther by an apparatus shown FIG. 6, or by an apparatus 
shown'in FIG. 7. 

In the apparatus shown in FIG. 6, the non-woven 
fabric 14v is fed through a cooperating pair of nip rolls 
15a, 15b and then travels around a hot cylinder 16 dur 
ing which time the non-woven fabric 14 is preheated. 
Then the preheated non-woven fabric 14 is travels suc 
cessively around a pair of slightly spaced stretching 
rolls 17a, 17b in which instance it is longitudinally 
stretched as the stretching roll 17b is rotating at a speed 
higher than the speed of rotation of the stretching roll 
17a. With this lengthwise stretching of the non-woven 
fabric 14, the individual ?laments are substantially 
stretched to thereby cause molecular orientation 
therein. The thus longitudinally stretched non-woven 
fabric 14 is heat-set as it is guided around a heat-treat~ 
ment roll 18. The heat-set stretched non-woven fabric 
14 is cooled to set by a cooling roll 19 and then with 
drawn from a nip roll 20. The stretched non-woven 
fabric 14 thus withdrawn constitutes a continuous warp 
web 21 of lengthwise stretched non-woven fabric 
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8 
which is thereafter used as a warp web 1, 2 in the pro- ' 
duction of a laminated stretched non-woven fabric such 
as described above with reference to FIGS. 1 and 2. In 
order to obtain a uniformly stretched non-woven fabric, 
the stretching zone between the stretching rolls 17a, 17b 
is limited to a minimum. As a consequence, the stretch 
ing rolls 17a, 17b have a small diameter and they are 
disposed closely to one another. Preferably, the stretch 
ing zone is not more than one-tenths of the original 
width of the web 14. 

In the apparatus shown in FIG. 7, the non-woven 
fabric 14 formed of un-oriented ?laments substantially 
laid in the lengthwise direction of the non-woven fabric 
14 is fed to travel successively around a cooperating 
pair of nip rolls 22a, 22b. a turn roll 23, a cooperating 
pair of pressure rolls 24a, 24b and a nip roll 25. The 
pressure rolls 24a, 24b are heated at a proper stretching 
temperature and de?ne therebetween a roll nip which is 
smaller than the starting or original thickness of the 
non-woven fabric 14. Since the pressure roll 24b is ro 
tating faster than the pressure roll 24a, the non-woven 
fabric 14 is stretched lengthwise as it is squeezed be 
tween the pressure rolls 24a, 24b. With this lengthwise 
stretching of the non-woven fabric 14, the individual 
?laments are substantially stretched in such a manner as 
to cause molecular orientation therein. The thus length 
wise stretched non-woven fabric 14 is heat-set as it is 
guided around the hot pressure roll 24b. The heat-set 
stretched non-woven fabric 14 is then withdrawn from 
the nip roll 25. The non-woven fabric 14 thus with 
drawn from the apparatus constitutes a continuous 
warp web 26 of lengthwise stretched non-woven fabric 
which is thereafter used as a warp web 1, 2 of a lami 
nated stretched non-woven fabric such as described 
above with reference to FIGS. 1 and 2. This stretching 
(rolling) process is particularly advantageous in that the 
non-woven fabric can be stretched at a high magni?ca= 
tion of stretch even when the non-woven fabric is irreg 
ular in thickness or in the degree of interengagement of 
individual ?laments. Another advantage is that the 
stretched warp web has pearl-like glossy surfaces. 
The non-woven fabric formed of un-oriented ?la 

ments 9 substantially laid transversely of the non-woven 
fabric is stretched transversely either by an apparatus 
shown FIG. 8, or by an apparatus shown in FIG. 9. 
The apparatus shown in FIG. 8 comprises a pair of 

laterally spaced pulleys 29a, 29b rotating at the same 
peripheral speed and disposed in symmetry with respect 
to the direction of movement of the non-woven fabric 
27 so as to de?ne two divergent arcuate paths on and 
along their outer peripheral edges, and a pair of endless 
belts 30a, 30b trained under tension around respective 
lower parts of the peripheral edges of the pulleys 29a, 
29b which de?ne the two divergent arcuate paths. The 
lower parts of the pulleys 29a, 29b are received in a 
heating chamber 32 for heating the non-woven fabric 27 
as it travel around the pulleys 29a, 29b. In operation, the 
non-woven fabric 27 fed longitudinally through a turn 
roll 28 into the pulleys 29a, 29b is gripped at its opposite 
sides or selvages by and between the pulleys 29a, 29b 
and the corresponding endless belts 30a, 30b and then is 
stretched transversely as the gripped selvages are 
moved along the two divergent arcuate paths. With this 
stretching of the non-woven fabric 27, the individual 
un-oriented ?laments are substantially stretched in the 
transverse direction in such a manner as to cause molec 
ular orientation therein. During stretching, the non 
woven fabric 27 is heated by hot water, hot air or an 
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infrared heater which is provided in the heating cham 
ber 32. In case where the hot air is employed, it is pref 
erable to force the hot air to penetrate the non-woven 
fabric 27, thus providing an increased heat ef?ciency. 
The transversely stretched non-woven fabric is with 
drawn from a turn roll 31 and constitutes a weft web 33 
of transversely stretched non-woven fabric which is 
thereafter used as a weft web 3 in the production of a 
laminated stretched non-woven fabric described herein 
above with reference to FIG. 2. 
The apparatus shown in FIG. 9 includes a cooperat 

ing pair of grooved rolls 34a, 34b, each roll 340 or 341) 
having a plurality of parallel spaced peripheral teeth 35 
held in mesh with the teeth 35 of the opposite grooved 
roll 34b or 34a for stretching the non-woven fabric 36 
transversely as the latter is squeezed between the rolls 
34a, 34b. The transversely stretched non-woven fabric 
36 is tentered and thereafter passed through at least one 
pair of similar grooved rolls (not shown). With this 
multistage transverse stretching, the resulted non~ 
woven fabric has a high magni?cation of stretch and is 
uniform in structure. With the use of the grooved rolls 
34a, 34b, actual stretching takes place at each of trans 
versely juxtaposed narrow areas extending between 
adjacent teeth 35 on each roll 34a, 34b. This subdivided 
stretching is capable of take up or cancel out the irregu 
larities in thickness of the non-woven fabric and the 
irregularities in bondage or interengagement of the 
individual ?laments. Though not shown, opposite end 
portions of the respective grooved rolls 34a, 34b are 
free from groove so as to ?rmly grip selvages of the 
non-woven fabric while being stretched. Alternatively, 
the selvages of the non-woven fabric 36 may be gripped 
by and between the grooved rolls 34a, 34b and a pair of 
endless belts trained around the opposite ends of one 
grooved roll 34a, 34b. 

Obviously, various modi?cations and variations of 
the present invention are possible in the light of the 
above teaching. It is therefore to be understood that 
within the scope of the appended claims the invention 
may be practiced otherwise than as speci?cally de 
scribed. 
What is claimed is: 
1. A method of making a cross-laminated stretched 

non-woven fabric comprising the steps of: 
(a) forming a ?rst web of random-laid non-woven 

fabric of substantially un-oriented ?laments of a 
thermoplastic resin held together; 

(b) stretching the ?rst web in the lengthwise direction 
to cause the individual un-oriented?laments to be 
substantially stretched, at least twice the original 
length thereof, thereby causing a molecular orien 
tation therein; _ 

(c) forming a second web of random-laid non-woven 
fabric of substantially un-oriented ?laments of a 
thermoplastic resin held together; _ 

(d) stretching the second web in the lengthwise direc 
tion to cause the individual un-oriented ?laments to 
be substantially stretched, at least twice the origi 
nal length thereof, thereby causing a molecular 
orientation therein; 

(e) transversely severing the second web successively 
into second web pieces of individual lengths sub 
stantially equal to the width of said ?rst web; 

(f) laminating said second web pieces with said ?rst 
web, with adjacent edges of said second web pieces 
slightly side by side arrangement with each other in 
such a manner that the direction of stretch of the 
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?rst web and the direction of stretch of the second 
web pieces are crossed perpendicularly to one an 
other. 

2. A method according to claim 1, wherein each of 
said ?rst and second webs has a lengthwise tensile 
strength which is more than ?ve times as large as the 
widthwise tensile strength of the web. 

3. A method according to claim 1, wherein each of 
said ?rst and second webs is stretched lengthwise at a 
stretching zone to more than two times the original 
length while it is heated at a proper stretching tempera 
ture, said stretching zone being not more than one 
tenths of the original width of the web. 

4. A method according to claim 1, wherein each of 
said ?rst and second webs is stretched by rolling with a 
cooperating pair of pressure rolls having a roll nip 
smaller than the original thickness of the web. 

5. A method according to claim 1, wherein said un 
oriented ?laments have an elongation greater than 100 
per cent at a proper stretching temperature. 

6. A method according to claim 1, wherein said un 
oriented ?laments-are formed by melt spinning of poly 
meric material and, while being spun, the un-oriented 
?laments are scattered by streams of hot air heated at a 
temperature above the melting temperature of said pol 
ymeric material. 

7. A method according to claim 6, said un-oriented 
?laments extruded from a spinning nozzle are ?rst 
urged to move spirally into a downwardly spread coni 
cal shape by streams of hot air forced to impinge tan 
gentially against the ?laments, and thereafter urged to 
spread substantially in the lengthwise direction of non 
woven fabric while being produced by forcing two 
opposed stream of air to flow transversely of the non 
woven fabric and strike at a position beneath the spin 
ning nozzle. 

8. A method of making a cross-laminated stretched 
non-woven fabric comprising the steps of: 

(a) forming a ?rst web of random-laid non-woven 
fabric of substantially un-oriented ?laments of a 
thermoplastic resin held together; 

(b) stretching the ?rst web in the lengthwise direction 
to cause the individual un-oriented ?laments to be 
substantially stretched, at least twice the original 
length thereof, 

(c) forming a second web of random-laid non-woven 
fabric of substantially un-oriented ?laments of a 
thermoplastic resin held together; 

(d) stretching the second web in the lengthwise direc 
- tion to cause the individual un-oriented ?laments to 
be substantially stretched, at least twice the origi 
nal length thereof, thereby causing a molecular 
orientation therein; 

(e) laminating the ?rst and second webs in such a 
manner that the respective directions of stretch of 
said ?rst and second webs are crossed perpendicu 
larly to one another. 

9. A method according to claim 8, wherein said ?rst 
web has a lengthwise tensile strength which is more 
than ?ve times as large as the widthwise tensile strength 
of the web. 

10. A method according to claim 8, wherein said ?rst 
web is stretched lengthwise at a stretching zone to more 
than two times the original length while it is heated at a 
proper stretching temperature, said stretching zone 
being not more than one-tenths of the original width of 
the web. 
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11. A method according to claim 8? wherein said ?rst 
web is stretched by rolling with a cooperating pair of 
pressure rolls having a roll nip smaller than the original 
thickness of the web. 

12. A method according to claim 8, wherein said 
un-oriented ?laments have an elongation greater than 
100 per cent at a proper stretching temperature. 

13. A method according to claim 89 wherein said 
un=oriented ?laments are formed by melt spinning of 
polymeric material and, while being spun, the un-ori 
ented ?laments are scattered by streams of hot air 
heated at a temperature above the melting temperature 
of said polymeric material. 

14. A method according to claim 8, said un-oriented 
?laments extruded from a spinning nozzle are ?rst 
urged to move spirally into a downwardly spread coni 
cal shape by streams of hot air forced to impinge tan 
gentially against the ?laments, and thereafter urged to 
spread substantially in the transverse direction of non 
woven fabric while being produced by forcing two 
opposed stream of air to flow lengthwise of the non 
woven fabric and strike at a position beneath the spin 
ning nozzle. 7 
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15. A method according to claim 8, wherein said 

second web is stretched by gripping opposite selvages 
of the second web by and between a pair of pulleys 
rotating at the same peripheral speed and de?ning two 
divergent arcuate paths on and along their peripheral 
edges, and a pair of endless belts trained under tension 
around the respective pulleys and extending respec 
tively along said divergent arcuate path, and thereafter 
moving the thus gripped selvages along said divergent 
arcuate path. 

16. A method according to claim 15, wherein said 
divergent arcuate paths are disposed in a heating cham 
ber. 

17. A method according to claim 8, wherein said 
second web is stretched by being passed through at least 
one cooperating pair of grooved stretching rolls, each 
roll having a plurality of parallel spaced teeth held in 
meshing engagement with the teeth on an opposite 
grooved roll. 

18. A method according to claim 17, wherein said 
second web is stretched by being passed successively 
through a plurality of said pair of grooved stretching 
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